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(54) Motion feed-through into a vacuum chamber and its application in lithographic projection 
apparatus 



(57) A long-stroke movement is fed-through into a 
vacuum chamber by providing a sliding seal over an 
aperture in the vacuum chamber wall. The object to be 
moved, which may be a mask or wafer table in a litho- 
graphic apparatus, within the vacuum chamber is con- 



nected to or mounted on the sliding seal and moved by 
movement of the sliding seal. The sliding seal may be a 
plate, a bowl or a labyrinth of interleaved plates. 
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Description 

[0001] The present invention relates to motion feed- 
through devices into vacuum chambers from the exte- 
rior. More particularly, the invention relates to the appli- 
cation of such devices in lithographic projection 
apparatus comprising: 

a radiation system for supplying a projection beam 
of radiation; 

a first object table provided with a mask holder for 
holding a mask; 

a second object table provided with a substrate 
holder for holding a substrate; and 
a projection system for imaging an irradiated por- 
tion of the mask onto a target portion of the sub- 
strate. 

[0002] For the sake of simplicity, the projection sys- 
tem may hereinafter be referred to as the "lens"; how- 
ever, this term should be broadly interpreted as 
encompassing various types of projection system, 
including refractive optics, reflective optics, catadioptric 
systems, and charged particle optics, for example. The 
radiation system may also include elements operating 
according to any of these principles for directing, shap- 
ing or controlling the projection beam of radiation, and 
such elements may also be referred to below, collec- 
tively or singularly, as a "lens". In addition, the first and 
second object tables may be referred to as the "mask 
table" and the "substrate table", respectively. Further, 
the lithographic apparatus may be of a type having two 
or more mask tables and/or two or more substrate 
tables. In such "multiple stage" devices the additional 
tables may be used in parallel, or preparatory steps may 
be carried out on one or more stages while one or more 
other stages are being used for exposures. Twin stage 
lithographic apparatus are described in International 
Patent Applications WO 98/28665 and WO 98/40791 , 
for example. 

[0003] Lithographic projection apparatus can be 
used, for example, in the manufacture of integrated cir- 
cuits (ICs). In such a case, the mask (reticle) may con- 
tain a circuit pattern corresponding to an individual layer 
of the IC, and this pattern can be imaged onto a target 
area (die) on a substrate (silicon wafer) which has been 
coated with a layer of photosensitive material (resist). In 
general, a single wafer will contain a whole network of 
adjacent dies which are successively irradiated via the 
reticle, one at a time. In one type of lithographic projec- 
tion apparatus, each die is irradiated by exposing the 
entire reticle pattern onto the die in one go; such an 
apparatus is commonly referred to as a wafer stepper. 
In an alternative apparatus — which is commonly 
referred to as a step-and-scan apparatus — each die is 
irradiated by progressively scanning the reticle pattern 
under the projection beam in a given reference direction 
(the "scanning" direction) while synchronously scanning 



the wafer table parallel or anti-parallel to this direction; 
since, in general, the projection system will have a mag- 
nification factor M (generally < 1 ), the speed v at which 
the wafer table is scanned will be a factor M times that 
s at which the reticle table is scanned. More information 
with regard to lithographic devices as here described 
can be gleaned from International Patent Application 
WO 97/33205. 

[0004] In a lithographic apparatus, the size of fea- 

10 tures that can be imaged onto the wafer is limited by the 
wavelength of the projection radiation. To produce inte- 
grated circuits with a higher density of devices and 
hence higher operating speeds, it is desirable to be able 
to image smaller features. Whilst most current litho- 

15 graphic projection apparatus employ ultraviolet light 
generated by mercury lamps or excimer lasers, it has 
been proposed to use shorter wavelength radiation of 
around 13nm. Such radiation is termed extreme ultravi- 
olet (EU V) or soft x-ray, and possible sources include 

20 laser plasma sources or synchrotron radiation from 
electron storage rings. An outline design of a litho- 
graphic projection apparatus using synchrotron radia- 
tion is described in "Synchrotron radiation sources and 
condensers for projection x-ray lithography", JB Murphy 

25 et al, Applied Optics Vol. 32 No. 24 pp 6920-6929 
(1993). 

[0005] Other proposed radiation types include elec- 
tron beams and ion beams. These types of beam share 
with EUV the requirement that the beam path, including 

30 the mask, substrate and optical components, be kept in 
a high vacuum. This is to prevent absorption and/or 
scattering of the beam, whereby a total pressure of less 
than about 10" 6 millibar is typically necessary for such 
charged particle beams. Wafers can be contaminated 

35 and optical elements for EUV radiation can be spoiled 
by the deposition of carbon layers on their surface, 
which imposes the additional requirement that hydro- 
carbon partial pressures should generally be kept below 
10" 8 or 10"® millibar. Otherwise, for apparatus using 

40 EUV radiation, the total vacuum pressure need only be 
10" 3 or 1 0" 4 mbar, which would typically be considered a 
rough vacuum. 

[0006] Further information with regard to the use of 
electron beams in lithography can be gleaned, for exam- 
45 pie, from US 5,079,122 and US 5,260,151, as well as 
from EP-A 0 965 888. 

[0007] Working in such a high vacuum imposes 
quite onerous conditions on the components that must 
be put into the vacuum and on the vacuum chamber 

50 seals, especially those around any part of the apparatus 
where a motion must be fed-through to components 
inside the chamber from the exterior. For components 
inside the chamber, materials that minimize or eliminate 
contaminant and total outgassing, i.e. both outgassing 

55 from the materials themselves and from gases 
adsorbed on their surfaces, should be used. It would be 
very desirable to be able to reduce or circumvent such 
restrictions. 
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[0008] It is an object of the present invention to pro- 
vide an improved motion feed-through to allow control of 
an object, particularly an object table of a lithographic 
apparatus, placed within a vacuum chamber from the 
outside. 

[0009] According to the present invention, this and 
other objects are achieved in a lithographic projection 
apparatus comprising: 

a radiation system for supplying a projection beam 
of radiation; 

a first object table provided with a mask holder for 
holding a mask; 

a second object table provided with a substrate 
holder for holding a substrate; and 
a projection system for imaging an irradiated por- 
tion of the mask onto a target portion of the sub- 
strate, characterized by: 

a vacuum chamber having a wall enclosing at least 
one of said first and second object tables, said vac- 
uum chamber wall having an aperture therein; 
a sliding seal for sealing said aperture and dis- 
placeable in at least one direction parallel to said 
vacuum chamber wall through a predetermined 
range of movement whilst maintaining the seal of 
said aperture; 

a mechanical linkage for transmitting displacement 
of said sliding seal to the object table within said 
vacuum chamber to cause corresponding move- 
ment thereof; and 

positioning means for displacing said sliding seal, 
thereby to displace said object table within said vac- 
uum chamber. 

[0010] The sliding seal arrangement allows a rela- 
tively large movement (compared to conventional bel- 
lows, for example) to be fed through into the vacuum 
chamber and also can be constructed to withstand 
repeated and rapid movements, with a mean time 
between failures of a very large number of cycles. 
[0011] Current lithography apparatus are designed 
for use in clean room environments and therefore some 
steps have conventionally been taken to reduce possi- 
ble sources of contamination of wafers that are proc- 
essed by the apparatus. However, conventional designs 
of wafer, mask and transfer stages are very complicated 
and employ large numbers of components for sensor 
and drive arrangements. Such stages also need to be 
provided with large numbers of signal and control 
cables and other utilities. The present invention avoids 
the difficult and detailed task of making such large num- 
bers of components vacuum-compatible, or replacing 
them with vacuum-compatible equivalents, by adopting 
the principle of locating as many components and func- 
tions as possible outside the vacuum chamber. The 
present invention thus avoids the need to vacuum-proof 
many or most of the numerous components, by provid- 
ing appropriate mechanical feed-throughs with innova- 



tive sealing arrangements. Likewise, the present 
invention avoids difficulties in reducing vibrations inevi- 
table in vacuum apparatus, particularly where powerful 
pumps are provided, by isolating as far as possible 
5 vibration sensitive components from the vacuum cham- 
ber wall. 

[0012] In a preferred embodiment of the invention, 
the sliding seal comprises a plate that may be sup- 
ported against the vacuum chamber wall by a differen- 
10 tially pumped air bearing. 

[0013] According to another aspect of the invention, 
there is provided a lithographic projection apparatus 
comprising: 

15 a radiation system for supplying a projection beam 
of radiation; 

a first object table provided with a mask holder for 
holding a mask; 

a second object table provided with a substrate 
20 holder for holding a substrate; and 

a projection system for imaging an irradiated por- 
tion of the mask onto a target portion of the sub- 
strate, characterized by 

a first vacuum chamber accommodating at least 
25 one of said first and second object tables; 

a second vacuum chamber adjacent to said first 
vacuum chamber; 

a support extending from said second vacuum 
chamber to said first vacuum chamber and move- 

30 ably supporting the object table accommodated 
within said first vacuum chamber; 
a sliding seal plate connected to said support for 
separating said first and second vacuum chambers, 
said sliding seal plate being moveable in at least 

35 one direction in its plane and extending outside said 
first and second vacuum chambers; and 
positioning means situated outside said first and 
second vacuum chambers for displacing said slid- 
ing seal plate, thereby to displace said object table 

40 within said first vacuum chamber. 

[0014] According to a further aspect of the invention 
there is provided a lithographic projection apparatus 
comprising: 

45 

a radiation system for supplying a projection beam 
of radiation; 

a first object table provided with a mask holder for 
holding a mask; 

50 a second object table provided with a substrate 
holder for holding a substrate; and 
a projection system for imaging an irradiated por- 
tion of the mask onto a target portion of the sub- 
strate, characterized by 

55 a first vacuum chamber accommodating at least 
one of said first and second object tables; 
a second vacuum chamber adjacent to said first 
vacuum chamber and separated therefrom by a 
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vacuum chamber wall having an aperture; 
a first stage provided in said second vacuum cham- 
ber and displaceable over a first range of movement 
in a first plane; 

a second stage supported by said first stage and 5 
displaceable over a second range of movement in a 
second plane, said first and second planes being 
substantially parallel and said first range of move- 
ment being greater than said second range of 
movement, said second stage supporting said to 
object table within said first vacuum chamber 
through said aperture; and 

an annular sliding seal plate connected to said first 
stage, said sliding seal plate opposing portions of 
the vacuum chamber wall and said second stage so is 
as to separate said first and second vacuum cham- 
bers throughout said first and second ranges of 
movement. 

[0015] According to a yet further aspect of the 20 
invention there is provided a method of manufacturing a 
device using a lithographic projection apparatus com- 
prising: 

a radiation system for supplying a projection beam 25 
of radiation; 

a first object table provided with a mask holder for 
holding a mask; 

a second object table provided with a substrate 
holder for holding a substrate; and 30 
a projection system for imaging an irradiated por- 
tion of the mask onto a target portion of the sub- 
strate, characterized by: 

a vacuum chamber having a wall enclosing at least 
one of said first and second object tables, said vac- 35 
uum chamber wall having an aperture therein; 
a sliding seal for sealing said aperture and dis- 
placeable in at least one direction parallel to said 
vacuum chamber wall through a predetermined 
range of movement whilst maintaining the seal of 40 
said aperture; 

a mechanical linkage for transmitting displacement 
of said sliding seal to the object table within said 
vacuum chamber to cause corresponding move- 
ment thereof; and 45 
positioning means for displacing said sliding seal 
thereby to displace said object table within said vac- 
uum chamber; said method comprising the steps 
of: 

mounting a mask on said first object table; so 
mounting a substrate on said second object table; 
and 

exposing said substrate to an image of said mask. 

[0016] In a manufacturing process using a litho- 55 
graphic projection apparatus according to the invention 
a pattern in a mask is imaged onto a substrate which is 
at least partially covered by a layer of energy-sensitive 



material (resist). Prior to this imaging step, the substrate 
may undergo various procedures, such as priming, 
resist coating and a soft bake. After exposure, the sub- 
strate may be subjected to other procedures, such as a 
post-exposure bake (PEB), development, a hard bake 
and measurement/inspection of the imaged features. 
This array of procedures is used as a basis to pattern an 
individual layer of a device, e.g. an IC. Such a patterned 
layer may then undergo various processes such as 
etching, ion-implantation (doping) metallisation, oxida- 
tion, chemo-mechanical polishing, etc., all intended to 
finish off an individual layer. If several layers are 
required, then the whole procedure, or a variant thereof, 
will have to be repeated for each new layer. Eventually, 
an array of devices will be present on the substrate 
(wafer). These devices are then separated from one 
another by a technique such as dicing or sawing, 
whence the individual devices can be mounted on a car- 
rier, connected to pins, etc. Further information regard- 
ing such processes can be obtained, for example, from 
the book "Microchip Fabrication: A Practical Guide to 
Semiconductor Processing", Third Edition, by Peter van 
Zant, McGraw Hill Publishing Co., 1997, ISBN 0-07- 
067250-4. 

[0017] Although specific reference may be made in 
this text to the use of the apparatus according to the 
invention in the manufacture of ICs, it should be explic- 
itly understood that such an apparatus has many other 
possible applications. For example, it may be employed 
in the manufacture of integrated optical systems, guid- 
ance and detection patterns for magnetic domain mem- 
ories, liquid-crystal display panels, thin-film magnetic 
heads, etc. The skilled artisan will appreciate that, in the 
context of such alternative applications, any use of the 
terms "reticle", "wafer" or "die" in this text should be con- 
sidered as being replaced by the more general terms 
"mask", "substrate" and "target area", respectively. 
[0018] The present invention and its attendant 
advantages will be described below with reference to 
exemplary embodiments and the accompanying sche- 
matic drawings, in which: 

Fig. 1 depicts a lithographic projection apparatus 
according to a first embodiment of the invention; 
Fig. 2 is a cross-sectional view of a wafer stage of a 
lithographic projection apparatus according to a 
second embodiment of the invention; 
Fig. 3 is a plan view of the drive arrangements of 
the wafer stage of Figure 2; 

Fig. 4 is a cross-sectional view of a differentially 

pumped air bearing used in the wafer stage of Fig- 
ure 2; 

Fig. 5 is a plan view of an alternative differentially 

pumped air bearing usable in the invention; 

Fig 5A is an enlarged cross-section of a part of the 

differentially pumped air bearing of Figure S; 

Fig. 6 is a cross-sectional view of an alternative 

sliding seal plate usable in the invention: 



4 



EP 1 052 551 A2 



8 



Figs. 6A and 6B are plan views of alternative fillings 

for the sliding seal plate of Figure 6; 

Fig. 7 is a cross-sectional view of a wafer stage of a 

lithographic projection apparatus according to a 

third embodiment of the invention; 

Fig. 8 is a cross-sectional view of a wafer stage of a 

lithographic projection apparatus according to a 

fourth embodiment of the invention; 

Fig. 9 is a cross-sectional view of a wafer stage of a 

lithographic projection apparatus according to a 

fifth embodiment of the invention; and 

Fig. 1 0 is a cross-sectional view of a wafer stage of 

a lithographic projection apparatus according to a 

sixth embodiment of the invention. 

[0019] In the various drawings, like parts are indi- 
cated by like references. 

Embodiment 1 

[0020] Figure 1 schematically depicts a lithographic 
projection apparatus 1 according to the invention. The 
apparatus comprises: 

a radiation system LA, IL for supplying a projection 
beam PB of radiation (e.g. UV or EUV radiation, 
electrons or ions); 

a first object table (mask table) MT provided with a 
mask holder for holding a mask MA (e.g. a reticle), 
and connected to first positioning means PM for 
accurately positioning the mask with respect to item 
PL; 

• a second object table (substrate table) WT provided 
with a substrate holder for holding a substrate W 
(e.g. a resist-coated silicon wafer), and connected 
to second positioning means PW for accurately 
positioning the substrate with respect to hem PL; 
a projection system ("lens") PL (e.g. a refractive or 
catadioptric system, a mirror group or an array of 
field deflectors) for imaging an irradiated portion of 
the mask MA onto a target portion C (die) of the 
substrate W. 

[0021] The radiation system comprises a source LA 
(e.g. an undulator or wiggler provided around the path 
of an electron beam in a storage ring or synchrotron, a 
plasma source, or an electron or ion beam source) 
which produces a beam of radiation. This beam is 
passed along various optical components included in 
illumination system IL, e.g. for the purpose of shaping 
and/or collimating the resultant beam PB, and/or mak- 
ing it uniformly intense throughout its cross-section. 
[0022] The beam PB subsequently impinges upon 
the mask MA which is held in a mask holder on a mask 
table MT. Having been selectively reflected (ortransmit- 
ted) by the mask MA, the beam PB passes through the 
"lens" PL, which focuses the beam PB onto a target 
area C of the substrate W. With the aid of the positioning 



means PW and the interferometric displacement meas- 
uring means IF, the substrate table WT can be moved 
accurately, e.g. so as to position different target areas C 
in the path of the beam PB. Similarly, the positioning 

5 means PM and the interferometric displacement meas- 
uring means IF can be used to accurately position the 
mask MA with respect to the path of the beam PB, e.g. 
after mechanical retrieval of the mask MA from a mask 
library or during a scanning motion. In general, move- 

10 ment of the object tables MT, WT will be realized with 
the aid of a long stroke module (course positioning) and 
a short stroke module (fine positioning), which are not 
explicitly depicted in Figure 1 . 

[0023] The depicted apparatus can be used in two 
is different modes: 

• In step mode, the mask table MT is kept essentially 
stationary, and an entire mask image is projected in 
one go (i.e. a single "flash") onto a target area C. 

20 The substrate table WT is then shifted in the X 
and/or Y directions so that a different target area C 
can be irradiated by the beam PB; 
In scan mode, essentially the same scenario 
applies, except that a given target area C is not 

25 exposed in a single "flash". Instead, the mask table 
MT is movable in a given direction (the so-called 
"scan direction", e.g. the X direction) with a speed v, 
so that the projection beam PB is caused to scan 
over a mask image; concurrently, the substrate 

30 table WT is simultaneously moved in the same or 
opposite direction at a speed V = Mv , in which M is 
the magnification of the lens PL (e.g., M = 1/4 or 
1/5). In this manner, a relatively large target area C 
can be exposed, without having to compromise on 

35 resolution. 

Embodiment 2 

[0024] A lithographic apparatus 2 according to a 

40 second embodiment of the invention is shown schemat- 
ically and in cross-section in Figure 2. The vacuum 
chamber V is bounded by walls 1 1 which define an 
aperture 1 1a in the floor of the chamber. During use of 
the apparatus, the vacuum chamber V is kept at a suffi- 

45 cient vacuum by vacuum pumps (not shown) of appro- 
priate type. The aperture 1 1 a is sealed by a sliding seal 
formed by sliding seal plate 12 in the middle of which is 
provided wafer support pillar 13. Pillar 13 supports the 
fine stage, or short stroke wafer support chuck, 14 

so which in turn carries the wafer W. 

[0025] The long-stroke motion of the wafer W, by 
which different areas of it are positioned under the lens 
(not shown) of the lithographic apparatus for exposure, 
is accomplished by moving the whole sliding seal plate 

55 1 2. To this end, the aperture 1 1 a is shaped and dimen- 
sioned to accommodate the desired range of movement 
of the long-stroke stage and the pillar 1 3. In an appara- 
tus intended to expose wafers of 300 mm diameter and 
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with a pillar of 100-150 mm diameter, lor example, the 
aperture 1 1a might be a square of 480 mm sides to pro- 
vide room for sensors, etc. around the edge of the 
wafer. The sliding seal plate 12 must be of a shape and 
size to maintain a seal over the aperture throughout its 5 
entire range of movement, and is in this example there- 
fore a square of 1200 mm sides, for example. This size 
allows a seal width of 120 mm each side. A circular 
aperture and sealing plate may also be suitable. 
[0026] Sliding seal plate 12 is driven to translate in 10 
orthogonal X- and Y- axes as well as to provide rotation, 
fy z , about the Z-axis, via beams 15 and drivers 16 pro- 
vided in motor compartment M. The drive arrangements 
are described further below with reference to Figure 3. 
[0027] It will be appreciated that, in use, the major 15 
load on the sliding seal plate 1 2 will be the pressure dif- 
ferential between the vacuum chamber V and the motor 
compartment M, which is normally kept at atmospheric 
pressure (ora slightly different pressure in a clean room 
environment). This upward force (inward) will normally 20 
substantially exceed the weight of the long-stroke stage 
and the other components it carries. The present inven- 
tion provides differentially pumped gas (air) bearings 
21 , which are preloaded by the difference between the 
pressure force and the weight of the sealing plate and 25 
the components it supports, around the aperture 11a. 
These air bearings 21 are described further below with 
reference to Figure 4 and in European Patent applica- 
tion 99201 193.2 entitled "Gas-Bearings for use in Vac- 
uum Chambers and their Application in Lithographic 30 
Apparatus" and a concurrently filed application of simi- 
lar title (Applicant's ref: P-01 33.010) which are incorpo- 
rated herein by reference. To support the sliding seal 
plate 12 when the vacuum chamber is not evacuated, 
e.g. for maintenance, supports or bearings 1 9 mounted 35 
on base plate 17 are provided. 

[0028] Cables 20 providing control and measuring 
signals, as well as other "utilities", to the short-stroke 
stage 14 are provided through a hole 1 2a in the sliding 
seal plate 1 2 and the hollow interior of the pillar 13. 40 
[0029] To provide an adequate seal around the 
entire periphery of the aperture 11a, it is necessary to 
ensure that deformation of the sliding seal plate 12 is 
kept within acceptable limits. According to this embodi- 
ment of the invention this is effected by providing a plate 45 
of sintered Al 2 0 3 (p = 3700 kg/m 3 , E = 3.5 x 1 0 11 N/m 2 , 
o (Poisson's ratio) = 0.22) of thickness 100 mm. Other 
suitable materials, such as SiC foam, may also be used. 
Assuming, for ease of calculation, that the air bearing is 
annular with radius, r, 370 mm and that the uniform load so 
on the plate, q, is atmospheric pressure at 10 5 N/m 2 , 
the angular deflection at the circumference, 0, is given 
by the following expression: 



where: 



D = 



E.f J 



12.(1-0") 



[2] 



8D.(1-t-o) 



[1] 



[0030] For an Al 2 0 3 plate of thickness 100mm, the 
plate constant D <= 3.1 x 10 7 Nm which leads to an 
angular deflection 6 « 16.6 x 10" 6 rad and hence a 
deflection of about 1 urn in the air bearing area. 
[0031] A possible drive mechanism for the sliding 
seal plate 12 is shown in Figure 3. As there shown, four 
drivers 16 act on respective ones of beams 15 which 
extend perpendicularly out from the middle of each side 
of the plate 12. The drivers 16 each comprise a track 
16a which carries the stator of a linear motor and a car- 
riage 16b carrying the coils. The driving forces are 
transferred to the beams 1 5, and thence to the plate 1 2, 
by thrust air bearings 16c which allow for lateral move- 
ment and a limited amount of angular movement, $ z , to 
accommodate fine adjustments. X, Y and $ z move- 
ments can be achieved with only three motors, thus in 
this embodiment one pair of parallel motors is controlled 
as one. A water-cooled linear motor can easily provide 
a force of up to 1 100 N, so that four such motors can 
provide adequate acceleration even when the stage 
plate and associated parts weigh up to 500 kg. 
[0032] The tracks 1 6a may be fixed, e.g. to the base 
plate of the apparatus, so the drive forces act against a 
static reaction frame. Alternatively, the tracks 16a may 
be free to move longitudinally, e.g. by being supported 
on air-bearings, and relatively massive so as to act as 
balance masses for the drive forces to act against. 
[0033] In this embodiment the beams 15 are posi- 
tioned so that the applied forces act on lines passing 
through the center of gravity 1 2b of the sliding seal plate 
12, both in the horizontal plane as illustrated and also 
vertically. This reduces bending moments in the plate 
12 and other parts of the force path from the motor 
towards the overall center of gravity of the driven mass. 
In a variation of the first embodiment (not shown) the 
overall footprint of the long-stroke stage can be reduced 
by mounting the beams 15 underneath the stage plate 
12. 

[0034] As shown schematically in Figure 4, which is 
a cross-section through part of the vacuum chamber 
wall 1 1 and the sliding seal plate 1 2, the plate 1 2 is held 
off the vacuum chamber wall 1 1 by air bearing 21 which 
enables a constant gap, g, of 5 fim to be maintained. For 
such a gap, the surface 11b of the vacuum chamber wall 
11 in the vicinity of the bearing, and the surface of the 
plate 12 over the area of travel of the bearing, can be 
finished to an RMS surface roughness of less than 0.8 
(xm, though they need not be flatter than 0.4 urn RMS 
surface roughness. This can readily be achieved with 
known mechanical polishing techniques. In some appli- 
cations a gap in the range of from 5 nm to 10 nm may 
be appropriate and the surfaces need not be finished to 
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such high tolerances. Clean air (or other gas, e.g. N 2 ) is 
supplied continually through air feed 211 at a pressure 
of several atmospheres to generate a high pressure 
region 214. The supplied air will flow towards the motor 
compartment M and also the vacuum chamber V, where 
its presence would, of course, be undesirable. An 
escape path to atmospheric pressure, e.g. to the motor 
chamber M, is provided via groove 212. To prevent fur- 
ther the air that forms the air bearing becoming an 
unacceptable leak into the vacuum chamber V, it is 
pumped away via vacuum conduit 213. If desired, the 
escape path 21 2 may also be pumped. In this way, the 
residual leakage, 1 , into the vacuum chamber V can be 
kept within acceptable levels. 

[0035] In this embodiment the lower parts of the air 
feed 211 and the vacuum conduit 213, as well as the 
escape path 212 are elongate grooves extending along 
the entire length of the perimeter of the seal. Air feed 
pipes 211a and vacuum pipes 213a are provided at 
intervals along the grooves. 

[0036] In a variation to the second embodiment, 
shown in Figure 5, which is a view from below of a part 
of the vacuum wall 1 1 , the air feeds 21 1 ' that provide the 
air bearing are discrete. At the end of each air feed pipe 
there is a cylindrical enlargement 21 1b .shown in cross- 
section in Figure 5A, that is filled with a porous plug 
211c. The porous plug 211c is preferably made of 
graphite, which enables it to be placed in the enlarge- 
ment 211b after machine finishing of the lower surface 
1 1 b of the vacuum wall 1 1 and then scraped smooth. 
[0037] In both variants of the air bearing described 
above, a single vacuum groove is provided between the 
air feed 21 1 and the vacuum chamber V. In other vari- 
ants, two or more vacuum grooves may be provided, 
with those nearer the vacuum chamber V being pumped 
to higher vacuum levels. 

[0038] In a further variation of the second embodi- 
ment, which may be combined with the variations 
described above, the weight of the sliding seal plate is 
reduced by forming it of a plate 120 having a sandwich 
construction. This is shown in Figure 6 which is a cross- 
section on a vertical plane through the sliding seal plate. 
The upper and lower skin plates 121, 123 are each 
formed of solid plates of, e.g., sintered Al 2 0 3 with 
respective thicknesses t, and t 3 . The sandwich filling 
122 is of thickness t z and may be of various materials, 
such as a grid structure of Mfi 3 walls 1 22a, as shown 
in Figure 6A, or close-packed hollow glass cylinders 
122b, as shown in Figure 6B. Other alternatives include 
glass and ceramic foams, for example. In each varia- 
tion, the function of the sandwich filling is to transmit 
shear forces between the two skin plates 121, 123 and 
so the material and structure chosen must have a high 
modulus of elasticity, E. 

[0039] For a plate 120 with a sintered Al 2 0 3 grid 
structure filling, the strength and mass of the plate are 
dependent on the space factor, A, which is defined as 
the total cross-sectional area of the grid structure 



divided by the total cross-sectional area of the plate, 
and is used to correct the equations for shear and bend- 
ing deformation. It can be calculated that for a plate of 
total thickness (t 1 + 1 2 + t 3 ) of 200 mm the minimum 
5 plate mass is achieved with top and bottom plates 121 , 
123 of thickness (t 1f t 3 ) 15 mm and a space factor for the 
grid of 0.15, for example a grid wall thickness of 15 mm 
and a pitch of 1 10 mm. 

[0040] According to the invention, the sandwich 
10 plate 120 has continuous side walls 124 or else the 
edges of the sandwich filling 1 22 are sealed so as to 
form a hermetic seal for the interior. Prior to the sealing 
of the interior, it is evacuated to a suitable vacuum level. 
This prestresses the sandwich structure and prevents a 
15 pressure differential across one skin plate (when the 
plate is used as a part of a vacuum chamber) that would 
tend to delaminate the sandwich structure. The plate 
may be constructed to ensure that the vacuum inside 
remains sufficiently high for the entire expected life of it, 
20 or a valve may be provided to allow periodic re-evacua- 
tion of the interior. 

[0041] It will be appreciated that this evacuated 
sandwich structure has wider application than as the 
sliding seal plate of the invention and may, in particular, 
25 be used advantageously as the, or part of the, wall, 
whether sliding or fixed, of any vacuum chamber. 

Embodiment 3 

so [0042] A third embodiment of a lithography appara- 
tus 3 according to the invention is shown in Figure 7. In 
this apparatus the sliding seal is formed by an inverted 
dome, or bowl, 312 mounted on an annular frame 330. 
The bowl 31 2 is relatively thin and is shaped so that the 
35 perpendicular pressure load on the outer surface is 
resisted by in-plane strain in the bowl. Load variations 
then result in geometry scaling rather than local defor- 
mations. For a bowl of width, D, 1200mm, which would 
be suitable for a lithographic apparatus with dimensions 
40 and movement range as those of the second embodi- 
ment, a suitable radius of curvature at the center, R, 
would be 0.8 x D. This is gradually reduced to a radius 
of curvature at the edge, r, of 0.1 5 x D. The height, H, of 
the bowl would then be 0.25 x D. The bowl sheet mate- 
45 rial is connected to the frame 330 perpendicularly, thus 
avoiding undesired loads on the bearing ring. Other 
configurations for the bowl that avoid bending moments 
are known from bridge construction. 
[0043] In the third embodiment, the sliding move- 
so ment of the bowl is enabled by differentially pumped air 
bearings 321 provided in the frame 330 and acting 
against a bearing surface 321a provided on the bottom 
of the vacuum chamber wall 11. The air bearings 321 
are otherwise similar to those of the second embodi- 
55 ment. 

[0044] Whilst the bowl 31 2 resists the pressure dif- 
ferential between the motor chamber M and the vacuum 
chamber V, the weight of the fine stage 14 and the sup- 



7 




13 EP1052 

porting pillar 13 is borne by a plurality of radial stays 331 
which suspend the pillar 13 and fine stage 14 from the 
frame 330. The pillar 13 is also stabilized by a plurality 
of radial spokes 332 so that the fine stage remains sta- 
ble in motion, which, as with the second embodiment, is 5 
effected by drivers 16. Thrust from the drivers 16 is 
again transferred to the fine stage via beams 15 which 
in this embodiment are attached to the frame 330. 

Embodiment 4 1° 

[0045] A lithography apparatus 4 according to a 
fourth embodiment of the invention is shown schemati- 
cally in Figure 8. In this embodiment the pressure differ- 
ential across the sliding seal plate 412 is reduced or 75 
eliminated by providing a second vacuum chamber V 2 
below it. The sliding seal plate 412 can therefore be 
made much thinner as it only has to bear the accelera- 
tion forces required to move the fine stage 14, and little 
or no pressure forces. Torsion forces can be reduced by so 
ensuring that the drive forces are applied in the plane of 
the sliding seal plate 412 and that the center of gravity 
of the total moving mass also lies in the plane of the slid- 
ing seal plate. 

[0046] The sliding seal plate is moved in X, Y and i(i z 25 
directions via drivers 1 6 which again act on beams 1 5, 
which in this case are connected to the edges of the 
sliding seal plate 41 2. The sliding seal plate 41 2 moves 
between two opposed differentially pumped air bearings 
421a and 421b. Air bearing 421a is similar to that of the 30 
second embodiment and as before is provided in the 
wall 11 of the vacuum chamber V. Air bearing 421b is 
also similar but inverted and provided on the wall 41 1 of 
the second vacuum chamber V 2 . Since there is little net 
vertical force on the sliding seal plate 421 , the air bear- 35 
ings 421a and 421b do not need to exert a substantial 
thrust, but merely maintain the sealing gaps and allow 
movement in the X, Y and § z directions. To avoid over 
constraining the plate 412, one bearing is fixed in the Z 
direction and the other is preloaded. 40 
[0047] The second vacuum chamber V 2 accommo- 
dates a foot 440 which supports the fine stage 1 4 via pil- 
lar 1 3. The foot 440 is provided with its own bearing, e.g. 
a differentially pumped air bearing as described above, 
to allow movement of the fine stage 14. Because the 45 
second vacuum chamber V 2 is isolated from the main 
vacuum chamber V, lower demands are placed on the 
vacuum level within it. Chamber V 2 can therefore 
accommodate feed lines and cables made of materials 
which would be unacceptable in the main vacuum 50 
chamber V. 

Embodiment 5 

[0048] A fifth embodiment of the invention, compris- 55 
ing lithographic apparatus 5, is shown schematically in 
Figure 9. This embodiment additionally incorporates a 
three-stage concept that is further described in Euro- 
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pean Patent application 99201192.4 entitled "Multi- 
stage Drive Arrangements and their Application in Lith- 
ographic Apparatus" and a concurrently filed application 
of similar title (Applicant's ref P-01 32.010) which are 
incorporated herein by reference. The fifth embodiment 
of the invention is particularly adapted for step-and- 
scan operation. 

[0049] Lithographic apparatus 5 includes a long- 
stroke sliding seal plate 512 which is analogous to the 
sliding seal plate 12 of the second embodiment and is 
accommodated in second vacuum chamber V 2 . Fine 
stage 514 is accommodated in the primary vacuum 
chamber V and provides fine positioning for the wafer W 
using drivers 514a. Between these two stages an inter- 
mediate stage 550 is provided. In step-and-scan opera- 
tion of this embodiment, the long-stroke sliding seal 
plate 51 2 is driven at a constant speed along the length 
of a row or column of dies that are to be exposed. The 
intermediate stage 550 is then driven relative to the 
long-stroke sliding seal plate 512 in a figure of eight 
motion so that the net motion of the wafer underneath 
the exposure point is a meander appropriate for the 
step-and-scan operation. This arrangement reduces the 
acceleration forces that need be exerted on the 
machine base frame. The long-stroke sliding seal plate 
51 2 acts as a balance mass for the intermediate stage 
550, but does not itself require a balance mass as its 
accelerations are low. 

[0050] The main vacuum chamber V is kept at a 
pressure less than 10" 6 mbar, preferably in the range of 
from 10' 7 to 10" 8 mbar, and the second vacuum cham- 
ber V 2 at a pressure of the order of 1 0" 5 to 1 0" 6 mbar. To 
enable these vacuum levels to be achieved, the long- 
stroke stage plate 512 is supported by differentially 
pumped air bearings 521 a which are similar to those of 
the second embodiment and maintain a constant gap in 
the range of from 5 to 1 0 fim. The scanning stage 550 is 
also supported by similar air bearings 521b. 
[0051] The secondary vacuum chamber V 2 is iso- 
lated from the primary vacuum chamber V by a sliding 
seal arrangement formed by upper sliding seal plate 
552 mounted on the long-stroke sliding seal plate 512 
and lower sliding seal plate 553 mounted on the scan- 
ning stage 550. The upper sliding seal plate 552 is gen- 
erally square with a central aperture large enough to 
accommodate the scanning stage 550 and its range of 
movement relative to the long-stroke stage. The upper 
sliding seal plate 552 is somewhat larger than the aper- 
ture 51 1a in the vacuum chamber wall 51 1 so that what- 
ever the position of the long-stroke stage, a wide portion 
of the upper sliding seal plate opposes directly the lower 
surface 511b of the vacuum chamber wall 511. The 
lower sliding seal plate 553 is also square with a central 
aperture that is filled by the scanning stage 550. The 
lower sliding seal plate 553 is likewise somewhat larger 
than the aperture in the upper sliding seal plate 551 so 
that whatever the position of the scanning stage 550 rel- 
ative to the long-stroke stage 512, a wide portion of the 
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entire periphery of the lower sliding seal plate 563 
opposes directly the bottom surface of the upper sliding 
seal plate 552. Because the forces exerted by the pres- 
sure differential between the primary and secondary 
vacuum chambers are negligible, and the upper and 5 
lower sliding seal plates are not load bearing, there is no 
need for an air bearing between them or between the 
upper sliding seal plate and the vacuum chamber wall 
511. Instead, the gaps between the two plates and 
between the upper plate and the vacuum chamber wall 10 
are made to be about 500 nm or less and the overlap is 
made wide enough to reduce leakage to acceptable lev- 
els. The various sealing plates and apertures may also 
be circular to accommodate a circular wafer and chuck. 
[0052] The long-stroke stage plate 512 may be 15 
driven by an H-drive arrangement including linear 
motors 516 which move transverse beam 515 laterally 
to provide, e.g., Y and 4> z movement, and a further linear 
motor (not shown) mounted longitudinally on the trans- 
verse beam 515 which acts on pillar 513 to provide so 
movement, e.g., in the X direction. The motor chamber 
M which accommodates the long-stroke drive is kept at 
below, e.g., 0.1 mbar but this chamber is isolated from 
the main vacuum chamber V so that the long-stroke 
drive arrangements need not be high-vacuum compati- 25 
ble. An appropriate preload to the long-stroke stage 
plate bearing 521 a is provided by the net force on the 
plate resulting from the pressure load over the aperture 
area and the weight of the long-stroke stage plate 512. 
The drive of the long-stroke stage acts against the base 30 
517 via mounts 554. Because the long-stroke stage 
moves at a substantially constant speed, the need for a 
balance mass can be avoided. The drive 551 for the 
intermediate stage 550 may be an arrangement of lin- 
ear motors acting via thrust air bearings on beams, sim- 35 
ilar to that described above with reference to Figure 3. 
The relatively large mass of the long-stroke stage, 
mostly the long-stroke sliding seal plate 512, acts as a 
balance mass for the scanning stage 550. 
[0053] Cabling and supply lines (not shown) to the 40 
scanning stage 550 and fine stage 514 can be routed 
through the motor compartment M and the interior of 
hollow pillar 513. The position of the fine stage 51 4 can 
be monitored via position sensing means 555, which 
may be of the interferometer type, for example. 45 

Embodiment 6 

[0054] A lithographic apparatus 6 according to a 
sixth embodiment of the invention is shown schemati- so 
cally in Figure 1 0. The sixth embodiment is a variation of 
the fifth embodiment and has a number of parts in the 
fine and scanning stages in common, mostly indicated 
by like reference numerals. A description of the com- 
mon parts is omitted for the sake of brevity. 55 
[0055] In the sixth embodiment the primary vacuum 
chamber V is sealed by a labyrinth sliding seal arrange- 
ment forming intermediate vacuum chambers V 2 to V 5 
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which are separately pumped to decreasing vacuum 
levels by respective vacuum pumps (not shown). As 
before, the primary vacuum chamber can be maintained 
in use at a vacuum level of about 10~ 7 to 10" 8 mbar, 
whilst the intermediate vacuum chambers are main- 
tained at levels as follows, for example: 

V 2 -2.5x10' 6 mbar 

V 3 -5x 10 " 4 mbar 

V 4 - 0.1 mbar 

V 5 - 1 mbar. 

[0056] The labyrinth sliding seal comprises first to 
fifth sliding seal plates 661 to 665 together with sealing 
surface 660a provided on the upper surface of the long- 
stroke stage plate 660. In other embodiments fewer 
stages may suffice. The first, third and fifth sliding seal 
plates, 661 , 663 and 665, project inwardly from the vac- 
uum chamber wall, and each has a central aperture 
large enough to accommodate the range of movement 
of the long-stroke stage plate 660, as well as the cross- 
section of the long-stroke stage plate at that level. The 
second and fourth sliding seal plates 662, 664 project 
outwardly from the long-stroke stage, and have an outer 
perimeter large enough that, whatever the position of 
the long-stroke stage plate throughout its normal range 
of movement, there is an overlap with the odd-num- 
bered sliding seal plates. Similarly, the sealing surface 
660a on the long-stroke stage plate 660 is arranged at a 
position so that it directly opposes the fifth sliding seal 
plate 665 at all positions of the long-stroke stage plate. 
[0057] The first and second sliding seal plates 661 , 
662 together isolate the first intermediate vacuum 
chamber V 2 from the second V 3 , the third and fourth 
sliding seal plates 663, 664 isolate the second interme- 
diate vacuum chamber V 3 from the third V4 and the fifth 
sliding seal plate 665 and sealing surface 660a isolate 
the third intermediate vacuum chamber V 4 from the 
fourth V 5 . In each case, the gap between the opposed 
plates and the extent of the overlap is chosen to ensure 
that leakage from the chamber of higher pressure into 
the chamber of lower pressure is limited to a level that 
the respective vacuum pumps can tolerate. The gaps 
between first and second and between third and fourth 
sliding seal plates may be of order 500 urn, whilst the 
gap between the fifth sliding seal plate 665 and the seal- 
ing surface 660a may be of order 100nm. 
[0058] In the sixth embodiment the long-stroke 
stage plate 660 is supported over the base 61 7 by (con- 
ventional) air bearings provided in feet 666. The drive 
arrangements (not shown) can be the same as those of 
the fifth embodiment. 

[0059] The invention is described above in relation 
to preferred embodiments; however it will be appreci- 
ated that the invention is not limited by the above 
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description. In particular, the invention has been 
described above in relation to the wafer stage of a litho- 
graphic apparatus but is equally applicable to the mask 
stage of such an apparatus or to any apparatus in which 
a long-stroke manipulator must be fed-through into a 5 
vacuum chamber. 

Claims 

1. A lithographic projection apparatus comprising: 10 

a radiation system for supplying a projection 
beam of radiation; 

a first object table provided with a mask holder 
for holding a mask; is 
a second object table provided with a substrate 
holder for holding a substrate; and 
a projection system for imaging an irradiated 
portion of the mask onto a target portion of the 
substrate, characterized by: 20 
a vacuum chamber having a wall enclosing at 
least one of said first and second object tables, 
said vacuum chamber wall having an aperture 
therein; 

a sliding seal for sealing said aperture and dis- 25 
placeable in at least one direction parallel to 
said vacuum chamber wall through a predeter- 
mined range of movement whilst maintaining 
the seal of said aperture; 

a mechanical linkage for transmitting displace- 30 
ment of said sliding seal to the object table 
within said vacuum chamber to cause corre- 
sponding movement thereof; and 
positioning means for displacing said sliding 
seal, thereby to displace said object table 35 
within said vacuum chamber. 

2. Apparatus according to claim 1 wherein said aper- 
ture is in the floor of said vacuum chamber and said 
mechanical linkage comprises a pillar projecting *o 
upward from said sliding seal and supporting said 
object table within said vacuum chamber. 

3. Apparatus according to claim 2 wherein said sliding 
seal comprises a sliding seal plate and a bearing 45 
provided between said sliding plate and said vac- 
uum chamber floor to allow movement of the sliding 
seal plate. 

4. Apparatus according to claim 2 wherein said sliding 50 
seal comprises a bowl mounted around its periph- 
ery on an annular frame; at least one stay mounted 

on said annular frame for supporting said pillar, and 
a bearing provided between said annular frame and 
said vacuum chamber floor to allow movement of 55 
said annular frame. 

5. Apparatus according to claim 4 wherein said bowl is 
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shaped such that the net load thereon is resisted 
substantially solely by tension or compression 
forces in said bowl. 

6. Apparatus according to claim 3, 4 or 5 wherein said 
bearing comprises a gas bearing for maintaining a 
predetermined clearance to said vacuum chamber 
floor and evacuating means provided between said 
gas bearing and said vacuum chamber for reducing 
leakage of gas from said gas bearing into said vac- 
uum chamber. 

7. A lithographic projection apparatus comprising: 

a radiation system for supplying a projection 
beam of radiation; 

a first object table provided with a mask holder 
for holding a mask; 

a second object table provided with a substrate 

holder for holding a substrate; and 

a projection system for imaging an irradiated 

portion of the mask onto a target portion of the 

substrate, characterized by 

a first vacuum chamber accommodating at 

least one of said first and second object tables; 

a second vacuum chamber adjacent to said 

first vacuum chamber; 

a support extending from said second vacuum 
chamber to said first vacuum chamber and 
moveably supporting the object table accom- 
modated within said first vacuum chamber; 
a sliding seal plate connected to said support 
for separating said first and second vacuum 
chambers, said sliding seal plate being move- 
able in at least one direction in its plane and 
extending outside said first and second vac- 
uum chambers; and 

positioning means situated outside said first 
and second vacuum chambers for displacing 
said sliding seal plate, thereby to displace said 
object table within said first vacuum chamber. 

8. A lithographic projection apparatus comprising: 

a radiation system for supplying a projection 
beam of radiation; 

a first object table provided with a mask holder 
for holding a mask; 

a second object table provided with a substrate 

holder for holding a substrate; and 

a projection system for imaging an irradiated 

portion of the mask onto a target portion of the 

substrate, characterized by 

a first vacuum chamber accommodating at 

least one of said first and second object tables; 

a second vacuum chamber adjacent to said 

first vacuum chamber and separated therefrom 

by a vacuum chamber wall having an aperture; 
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a first stage provided in said second vacuum 
chamber and displaceable over a first range of 
movement in a first plane; 
a second stage supported by said first stage 
and displaceable over a second range of move- 5 
ment in a second plane, said first and second 
planes being substantially parallel and said first 
range of movement being greater than said 
second range of movement, said second stage 
supporting said object table within said first 10 
vacuum chamber through said aperture; and 
an annular sliding seal plate connected to said 
first stage, said sliding seal plate opposing por- 
tions of the vacuum chamber wall and said sec- 
ond stage so as to separate said first and is 
second vacuum chambers throughout said first 
and second ranges of movement. 

9. Apparatus according to claim 8 wherein said object 
table within said first vacuum chamber comprises a so 
third stage having a third range of movement, said 
third range of movement being greater than said 
second range of movement. 

10. Apparatus according to claim 8 or 9 further com- 2s 
prising positioning means for displacing said first 
stage, said positioning means being provided in a 
compartment; and a second sliding seal for sepa- 
rating said compartment from said second vacuum 
chamber throughout said first range of movement of 30 
said first stage. 

11. Apparatus according to claim 10 wherein: 

said second vacuum chamber is separated 35 
from said compartment by a second vacuum 
chamber wall having a second aperture 
therein; 

said first stage spans said second aperture and 
has a first surface opposing said second vac- 40 
uum wall around said second aperture; and 
said second sliding seal comprises said first 
surface and a bearing provided between said 
first surface and said second vacuum chamber 
wall. 45 

12. Apparatus according to claim 1 0 wherein said sec- 
ond sliding seal comprises a first plurality of annular 
plates extending inwardly from an internal wall of 
said second vacuum chamber and a second plural- so 
ity of annular plates extending outwardly from said 
first stage, said first and second pluralities of plates 
being mutually parallel, interleaved and overlapping 
to provide a labyrinthine seal between said second 
vacuum chamber and said compartment through- 55 
out the first range of movement of said first stage. 

13. Apparatus according to claim 3, 7 or 8 wherein said 
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sliding seal plate comprises a sandwich structure. 

14. Apparatus according to claim 13 wherein said 
sandwich structure has a sealed outer envelope 
and a porous internal layer, the voids in said inter- 
nal layer being evacuated. 

15. Apparatus according to claim 14 wherein said 
porous internal layer is selected from the group 
consisting of: a grid of transverse walls, an array of 
hollow cylinders, ceramic foam and glass foam. 

16. A method of manufacturing a device using a litho- 
graphic projection apparatus comprising: 

a radiation system for supplying a projection 
beam of radiation; 

a first object table provided with a mask holder 
for holding a mask; 

a second object table provided with a substrate 
holder for holding a substrate; and 
a projection system for imaging an irradiated 
portion of the mask onto a target portion of the 
substrate; characterized by: 
a vacuum chamber having a wall enclosing at 
least one of said first and second object tables, 
said vacuum chamber wall having an aperture 
therein; 

a sliding seal for sealing said aperture and dis- 
placeable in at least one direction parallel to 
said vacuum chamber wall through a predeter- 
mined range of movement whilst maintaining 
the seal of said aperture; 
a mechanical linkage for transmitting displace- 
ment of said sliding seal to the object table 
within said vacuum chamber to cause corre- 
sponding movement thereof; and 
positioning means for displacing said sliding 
seal thereby to displace said object table within 
said vacuum chamber; said method compris- 
ing the steps of: 

mounting a mask on said first object table; 
mounting a substrate on said second object 
table; and 

exposing said substrate to an image of said 
mask. 

17. A device manufactured according to the method of 
claim 16. 

18. A remote manipulator apparatus for feeding an 
exterior motion through an aperture in a vacuum 
chamber wall to an object in the vacuum chamber, 
the manipulator apparatus being characterized in 
that it comprises: 

a sliding seal for sealing said aperture and 
being displaceable in at least one direction par- 
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allel to said vacuum chamber wall whilst main- 
taining said seal; 

a mechanical linkage connecting said sliding 
seal and said object for transmitting movement 
of said sliding seal to said object, whereby said 5 
exterior motion is applied to said sliding seal 
externally of said vacuum chamber. 

19. Apparatus according to claim 18 wherein said slid- 
ing seal comprises a sliding seal plate of a size to io 
cover said aperture at all positions in the desired 
range of movement of the manipulator apparatus. 

20. Apparatus according to claim 18 wherein said slid- 
ing seal comprises a bowl mounted at its periphery 
on an annular bearing ring, said bowl being of a 
size to cover said aperture at all positions in the 
desired range of movement of the manipulator 
apparatus. 

21. A plate comprising first and second continuous 
outer layers, a porous inner layer provided between 
said outer layers, characterized in that said porous 
inner layer is sealed from the exterior and evacu- 
ated. 

22. A plate according to claim 21 wherein said inner 
layer is selected from the group consisting of: a grid 
of transverse walls; an array of hollow cylinders, 
ceramic foam, and glass foam. 30 

23. A plate according to claim 21 or 22 wherein said 
outer layers consist essentially of sintered Al 2 0 3 . 

24. A plate according to claim 21 , 22 or 23 wherein said 35 
outer layers have a thickness in the range of from 

1 0 to 20 mm and the total thickness of said plate is 
in the range of from 100 to 300 mm. 

25. A plate according to any one of claims 21 to 24 40 
wherein said plate is adapted to bear a load of 
greater than about 10 4 N/m 2 
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